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System output is determined by a variety of factors; 


1. Head, or drop in elevation from source of water to turbine 
nozzlee 


2. Flow, or number of gallons per minuite passing thru nozzle. 
3. Diameter, length, and condition of feeder pipe. 
4, Turbine efficiency. 


A precise outrut figure is difficult to determine. Silt may 
accumulate in dips in the pipe and reduce output significantly. 
beaks, cloceing at mouth,! or excessive bending .of pipe may do the 
same. Generally single nozzle systems with under 2000 feet of 
feeder pipe require a 2" pipe; 2 nozzle systems need a 3" pipe; 

4 nozgzlessystems want a 4" pipe. Longer pipes must be larger and 
shorter ones can be slightly smaller. Output and efficiency are 
always improved by increasing pipe’ diameter. Very high head sys- 
tems (over 250 feet) can use pipe down to 1" dia. but flow is 
greatly reduced and friction losses are high. 


The following system may be used to approximate output. It assu- 
mes a relatively straight, clean plastic pipe. Steel pipe will 
“havevabout-twiece- the frictional losses. 


1. Determine heade 


This may be done by measuring the vertical drop with a measuring 
stick of known legnth and a carpenters level. Place ‘the stick on 
the ground at the turbine site and put the level squarly on top 
of it. Site along the bottom of the level to the spot where ake 
intersects the ground and move the stick to that point. This pro- 
cess is repeated until the dam site is reached, and the stick 
legnths are. all added together. Subtract 1 foot for the distance 
the nozzle will be above the ground. If a pipe is already insta- 
lled, the pressure can be measured directly. 

Deeieet =) 0,Sd «43 lbs=1 foot 
An alternative method’ is to string a number of hoses together, 
fi11 them with water, and measure the pressure. This can be done 
in several steps, and the figures summed. 


2. Determine Tlowe 


dn small creeks, atemporary dam can be erected to divert the flow 

into a container of known volume and timing it. Small creeks 

should never be dried up as environmental damage will likely 

result, On lareer creeks, flow is limitec only oy the size of the 

mesa eee eran wee ad fall seasonarer aid" 1 Saino ant 

~5 wnow the lov fisure. The nozzle size can be reduced for periods 
al : 


he maximum output of a given pive is usually o>vtained when friction 


a 
es are about 1/3 of the static pressure. Maximum efficiency 
tained with the largest pive possible. 


3. Measure the legnth of pine needed or installed. 
4, Determine head loss from the following table. 


Terao.” ee Fang 3 dy tt Pipe size 


25 15.5 07 4 Losses rer 100 feet of pire 
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Se Malviply the figure found in “table stimes number .of 100. foot 
Pine sections needed, 


6. Sudtract this figure from the static head (#1) This is dynamic 
or net heade 


7, Multiply net head times flow in gallons per minuite times .08 
for Deleo>systems; or Ne He times Gs Pa M. times .10 for per- 
manent magnent systemse These are average figures and will be 
better in some cases and worse in others depending on site 
conditions. Pe Me generator systems are suitable only for 
sites from 75 to 200 feet ofihead, To get amp output divide 


70 Mitte a aaa Delco Alternator Output Chart 
Permanent Magnet Output Chart | (Pipe losses not included) _ 
ive 
50 | 75 | 100 | 200 | 300 | 600 
. See: 
5 L— | — | 25 | 70] 120 | 260 
10 | — | 30| 70 | 150 | 240 | 500 
15 | — [ 50 | 100 | 210 | 375 | — 
20 || 40 = 
| 30 220 | 500 | — | — 
"80 | 100 | 200 | 360 | — | — | = 
200 | 400 | 500 | — | — | — 


Output figures in watts 


| 150 | 300 | 
| 225 | 500 
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alter determing head and flow and deciding tre proper pipe size, 
2, we cer diversion must be installed, It is prudent not to remove 
730 much water during the dry season from a flowing creek as un- 
-2siraple changes in the creek bed can result. A dam that allows 
2 minimal flow to pass before the turbine fesa Pipe gets water 
sib accomplishsthiee This will also reduce tne amount Soest 

se auas ) DL be, 

If tne stream becomes silt: during the wet season, a silt trap 
SOUS Oe sinSetalied, A emai) Dough-Eo:" type fool is excellent but 


5 A2algon-drum wililado, 


— Silt trap 


overflow 
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Clean out 


-—. Very low Springs or creectre during the dry season the turbine 

coo ye runt intermittently by trickling water into the pool for a 

se auomme then running it sat a0 mich higher rate for an hour or so. 
-.is can be made automatic with a double eet eisoat valve. 

.2xt, the pipe must be laid, being careful not to stress the rive 
S-COSSIVGLY el) Velen a OMe Sround plastic peee tends to Geteriorate 
-. Girect sun light. Coverimz pipe with a laver of leaves etc, 

West SOlVe This. ruse ineetear country shoul¢ be well ancrored 

@= slippery plastic pipe itends to slide down FAL 
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Cleanouts should be provided in dips in the Pipe where silt 

vends to accumulate and. in long pipes air relief valves should 

De put at humps. Be careful to get pice capable of withstanding 
the pressure you will have plus at least 50 lbs. This is because 
when the system is shut down either intentially or by an obstruc- 
tion in the nozzle, the pressure rises substantially. Valves sh- 
Ould always be closed Slowly. It is advisable to permanently 
install a pressure gauge in the line at the turbine end but 


Defore the gate valve. It will be invz2luable in trouble shooting 
aydrolic problems. 


Welded wire may be used to cover the silt trap. It should be 
Sized to preclude anything larger than 1/2 the diameter of the 
smallest nozzle to be used from enverwis’ the siie trav. 


The turbine may be mounted by the 4 holes on the base plate to 
wood or concrete substrate, The mounting base should not proct- 
ude into the falling water pattern and should provide at least 
Clearance above the ground. Care must be taken to assure that 
water splashes on the alternator or control DANE Ie, alse S 
iradle to inclose the entire underside of the turbine excert 

a water exhaust area. This quiets the turbine Significantly. 


aust water may be diverted back to the creek or other intended 
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4-housing should be installez over the entire ins taktation ince 
uding. batteries ( if they are at the turbine Site). It should be 
Substantial enough to protect hardware from rain and wind but 


provide adequate ventilation for turbine heat and battery out gas- 


Singe Some sound proofing may be desirable if the system is close 
to the house or other place where noise could be a problem. Care 
must be excercised to insure that exhaust water Cannot plug. up 
and flood the turbine and other hardware, 
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In@most inszillation=, bavtery capacity snouldebe at lesst 25 times 
the generator output. or example, a system that produces 100 

atts or about 8 amps should have at least 200 amp-hour Be 
Deer cycling batteries are preferable to automobile type because 
of therr longer life and lower life cycle coste On Delco systems 
under 100 feet of head a standard automotive voltage rezulator 

Can ve inserted in series with the field before the rehostate if 
the batteries are within 10 feet of the turbine and at least #10 
wire is usece Systems with over 100 feet of head or remote battery 

cation neec a load iiversion-dummy load type regulator. Care- 

ful management, proper matching of output (by proper nozzeling) 
With electrical enerz:7 needs, and regular inspection of Battery 
Soncireion ara water will allow novaditional-repuilation. Tne 'system 
Can simply te used to charge the batteries an then turned off, 
Reeulation’ is arproriete for ‘systems in’ continuous’ use with Little 
attention. 


—— ————— een ee ee 


Simrly toucning the battery backwards on DelcO equiped systems can 
destroy the ciodes ir the alternator. P.M. generator systems that 
are reverse wired wili run as moters, running down the battery, 
but no permanent damaze is done 3 


A blocking diode with a capacity of at least 80 amps should be 
inserted in the line, preferably near the batteries, to prevent 
battery drainage when the system is shut down. P.M. generator sys- 
tems are already so eauiped, but Delco systems are not. On systems 
producing over 10 ames the diode should be mounted to a suitable 
heat sink. It is also wise to place a 30 amp fuse in the line as 
Close to the battery(s) as possible. Electricity can be dangerous! 
All connections must de secure and placed at a safe distance from 
any flamable conditions. Burying electrical transmission lines 
is a wise precaution, 
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MactoTrues She Lee? Se closer OP Uhe point: of use aS Me ssible. The 
Ges*ances fro> thee turoine tO the batteries, Aandi tuebinev outout 
wili determine the wire size necessary to keep pews As eses within 


aceem table Janits. 


able assumes copper wire and a loss of 20% or less. 
ligher iosses are permissable and in others lower 
ical, Belence the price of wire against tke need 
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Pine feet 


The water tnat will pass tnru tne turbine is dependent on the noze 
eee eye eo NUN or mozzZiles,'"ana tne new nead. in a given pipe 
Re waeeere use ozele, «the@lower' the netsheadewill be. This is 
fo ean, in lone, small diareter pipes. The filow thru a‘ given 

rozzle increases with the square root of the increase in net head, 
Head 
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Once the turbine pipe and wirinze are connected, the water simply 
mneecsyto ben turnecton. (On Déeleo Systems, the knob on the control 

panel pegulates the imagnetic field in’ the, alternator. To operate 

at maximum efficiency, a pelton wheel should Spin atexacGly ive 

the speed of the water nite 27201240 By increasing the magnetic streni=* 
the wheel slows down and at some point reaches maximum efficiency 

simply watch the output gauge until the highest reading is potaine os 
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Batteries snould be check reciulariy forrwaterrand corrosion. 

i= the water’ level is onneeae tees low (say every week) a smaller 
MOZeleemayerepearp ro viatettcereéuces output totmatch need. sOutput 

= 2utdebeycrecked Srequentiviat first. Every couplesmonths the 
~JemrenanidamhunmerMsiouldsbe insrected for signs of erosion or 
Teamaeen, Ivara time tc Tul) Sal Watrap or a >nurpttired screen. The pel- 
ponerunnernisehardhendd? zecealumintw andvis:resistants but not ir- 
Peeviousseo srisnerostonisaiticenmbe damazed by small stones. The 
BOteleoviswsulsece wotsiltherdsi tne Excéesive Senet. noise may 
bnieicateva bad bearing? Rafie ss Wt aa ins may indicate a failing 
6iocerin the alternstors,Thistwillybe acctompained bya drop in 
Cue oe 
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Ssnould the wheel need to be removed for elternetor repair, ‘the 
following sequenee should be followee, 


DC NOT PRY OR HOLD PELTON WHEEL TC REMOVS IT 


—_— es ee eee eee =< 


1. Remove 2 allen bolts holding wheelto hub and remove wheel. 
2. Place an ajustable wrench on flats on hud, 
3. Place a 5/16 allen wrench thru hole in hub into 2aiterna-or end. 


4, Turn the wrench clockwise (facing hub) while holding alustable 
wrench and remove hub. 


Se Remove 2 bolts and 2 electrical connections, 
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move alternator beine careful to. not 
equence of spacers and water slinger 
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Permanent magnet system; 
1. Remove allen bolt aid washer at center of hub, 


2. Thread a 3/8-16 bolt into the same hole and herse se these re 
-assembly. 


3e Remove 2 wires, 4 allen bolts, and remove generator. 


Normally the nozzle is properly alligned and needs no ayuss 
however, should the wheel or nozzle assemcly be removed, realign- 
ment is necessary. Alignment is achieved by by varying the setting 
of the 2 allen set screws on the underside of the casténg end the 
@iside ellen bolt omathe top of the Castine. The nozzle mus 
aijusted’ im» 2 directions. 


1, Horizontal ajustment; The nozzle assembly shoul¢ be square (909?) 
to the edge of the casting. this can be measurec with 2 carpen- 
ters square or even the corner of this page. 

2o Vertical ajustment; The nozzle must be pointed erect ives the 
central ridge of the wheel buckets. On single nozzle systems, 


(= 
you can simply sight down the center of the delivery ture. 
multienozzle systems, a special pointer aligmme~+ tool is avai 
able for $5. The tool pointer is aligmed direct ?: on the centr 
ridgee In reality, both of these ajustments are ione sizzltan- 
iously. It may taxe a little practice, but once ~astere: it is 
quite simple and quick, 
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Never disconnect the turbine from the battery Quy re 
This allows voltage to rise to dangerous levels anc w 
fuse in the field wire. Should the system tail to. per 
this fusee It should be replaced with a 3 amp fuse, T . 
ecting the turbine to the batteries should be isolate — the 
wires going from the batteries to the point of use to p ect the 
latter from high voltage spikes that can damage 12 volt arzrliances. 
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